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Development of Simple Biaxial Tensile Testing Apparatus Using Lathe Chuck 
 
ᆏᮏ ㄔ 1) 
 
Makoto Sakamoto1) 
 
Abstract: In recent years, the desired accuracy and the forming difficulty of the product size in the fabricating 
operation of a plate material are increasingly severe. For example, the automotive industry environmental concerns, 
the problem of fuel efficiency and weight reduction and so on.  Reducing the weight of automobiles is one of the 
primary concern by which their fuel efficiency is lowered.  The two basic approaches are in automotive design and in 
materials selection, and they are closely related. As a countermeasure, the demand of high-tensile steel or aluminums 
alloy sheet is increasing rapidly. Because the press forming can produce cheap parts in large quantities, it is used for 
the processing of the automotive material. The biaxial tensile testing apparatus of the hydraulic control for which 
the estimation method of material used cruciform specimen is already developed. This apparatus has measured the 
forming limit and yield loci of various materials with sufficient accuracy. However, in order to pursue performance, 
apparatus is large-sized and is complicated. Development of a simple and accurate evaluation technique is desired 
in small and medium enterprise or a manufacturing site. Using the scroll chuck used for a lathe, we developed the 
simplified biaxial tensile testing apparatus.  Then, independent chuck by which each axis is independent and operates, 
arbitrary stress ratio condition are made to act on a specimen, and this study aims at measuring the plastic 
deformation characteristic with high precision of the apparatus and strain ratio after fraction of sheet metal. 
 
Keywords: Plastic deformation, Biaxial tensile test, Forming limit diagram, Large strain, 3D-CAD 
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ᯈᮦࡢᡂᙧຍᕤ࡟࠾࠸࡚㸪〇ရᑍἲࡢせồ⢭ᗘ࡜ᡂᙧ㞴
᫆ᗘࡣࡲࡍࡲࡍཝࡋࡃ࡞ࡗ࡚࠸ࡿ㸬⮬ື㌴ࢆ౛࡟࡜ࡿ࡜㸪
ᆅ⌫ ᬮ໬ᑐ⟇࡜ࡋ࡚⇞㈝ྥୖ㸪CO2᤼ฟ㔞ࡢ๐ῶ࡞࡝ࡢ
♫఍ⓗせㄳ࡟క࠸㸪 ㌴య㔜㔞ࡢ㍍㔞໬ࡀᛴࡀࢀ࡚࠸ࡿ㸬㔠
ᒓࡢࣉࣞࢫຍᕤࡣ㸪Ᏻ౯࡞㒊ရࢆ኱㔞࡟⏕⏘࡛ࡁࡿࡓࡵ㸪
⮬ື㌴⏝㒊ᮦࡢຍᕤ࡞࡝࡟㐺⏝ࡉࢀ࡚࠸ࡿࡀ㸪ࣉࣞࢫຍᕤ
᫬࡟๭ࢀ࣭ࡋࢃ࣭ࢫࣉࣜࣥࢢࣂࢵࢡ࡞࡝ࡢᡂᙧ୙Ⰻࡀ⏕ࡌ
ࡸࡍ࠸ࡓࡵ㸪ࡇࢀࡀヨసᮇ㛫࠾ࡼࡧࢥࢫࢺࡢቑ኱ࡢཎᅉ࡜
࡞ࡗ࡚࠸ࡿ㸬ࡑࡢࡓࡵ㸪㔠ᒓᮦᩱࡢ◚᩿⌧㇟ࡢゎ᫂㸪࠾ࡼ
ࡧᡂᙧ㝈⏺ࡢண ࡣ㸪ረᛶຍᕤࡢศ㔝࡟࠾ࡅࡿ㔜せ࡞ᢏ⾡
ㄢ㢟ࡢࡦ࡜ࡘ࡜࡞ࡗ࡚࠸ࡿ㸬 
ᮦᩱࡢᡂᙧ㝈⏺ண ࡟ࡣ㸪༑Ꮠᆺヨ㦂∦ࢆ⏝࠸ࡓ㠃ෆ 2
㍈㈇Ⲵヨ㦂ࡀ⾜ࢃࢀ࡚࠸ࡿ㸬ࡇࢀ࡟ࡣἜᅽไᚚ 2 ㍈ᘬᙇヨ
㦂⿦⨨ࡀ࠶ࡾ㸪ᡂᙧ㝈⏺⥺ᅗࡢసᡂࡸ㝆అ᭤㠃ࡢྠᐃ࡞࡝
࡛ᡂᯝࢆᣲࡆ࡚࠸ࡿ[1]㸬ࡲࡓ௚࡟ࡶྠᵝࡢ◊✲ࡣከᩘ࠶ࡿࡀ㸪
ᮏ◊✲ࡢࡼ࠺࡟㸪๛ᛶࡢ࠶ࡿ᪕┙⏝ࢳࣕࢵࢡࢆ⏝࠸ࡓࢫࢡ
࣮ࣟࣝࢳࣕࢵࢡᶵᵓ࡟╔┠ࡋࡓ➼ 2㍈ᘬᙇヨ㦂⿦⨨[2]ࡸ࢖ࣥ
ࢹ࢕࣌ࣥࢹࣥࢺࢳࣕࢵࢡᶵᵓ࡟╔┠ࡋࡓ⡆౽࡞㠃ෆ 2 ㍈ᘬ
ᙇヨ㦂⿦⨨[3]ࢆ㛤Ⓨࡋ࡚࠸ࡿ◊✲ࡣ࡞࠸㸬ࡇࡢࡼ࠺࡟ỗ⏝ⓗ
࡞᪕┙⏝ࢳࣕࢵࢡ࡟⬺╔ᘧࡢ࣮ࣔࢱࢆ⏝࠸࡚㠃ෆ 2 ㍈㈇Ⲵ
ᘬᙇヨ㦂ࢆ⾜࠺ࡇ࡜ࡣ㸪኱つᶍ࡞⿦⨨ࢆ〇సࡋ࡞ࡃ࡚ࡶᮦ
ᩱࡢᡂᙧ㝈⏺᭤⥺ࡸ㝆అ᭤㠃ࡢྠᐃ࡞࡝ࡀྍ⬟࡜࡞ࡾ㸪୰
ᑠ௻ᴗ࡟࠾࠸࡚ࡶ⮬๓࡛ᮦᩱ㈇Ⲵヨ㦂ࢆ⾜࠺஦ࡀ࡛ࡁࡿࡇ
࡜ࢆព࿡ࡍࡿ㸬ࡍ࡞ࢃࡕࣉࣞࢫ⌧ሙ࡛ࡢᮦᩱホ౯ࡀྍ⬟࡜
࡞ࡾ㸪ヨసᕤ⛬ࡢ▷⦰㸪ࡦ࠸࡚ࡣᆅ⌫⎔ቃࡢᨵၿ࡟㈉⊩࡛
ࡁࡿࡶࡢ࡛࠶ࡿ㸬 
ୖ㏙ࡋࡓࡼ࠺࡞⫼ᬒ࠿ࡽᮏ◊✲ᐊ࡟࠾࠸࡚⡆౽࡞ 2 ㍈ᘬ
ᙇヨ㦂⿦⨨ࡢ㛤Ⓨࢆ⾜࠸㸪ᡂᯝࢆ࠶ࡆ࡚ࡁࡓࡀ㸪ᚑ᮶ࡢヨ
㦂∦ᢕᥱ⿦⨨(ᪧ ⿦⨨)ࡣ㸪ࡑࡢタィୖࡢၥ㢟࡟ࡼࡗ࡚ ᐃ⢭
ᗘ࡟ᙳ㡪ࡀ࡛ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸬ࡑࡇ࡛ᮏ⣖せ࡟࠾࠸࡚ࡣ
ᪧ⿦⨨ᢕᥱ㒊ࡢᴫせࢆ♧ࡋ㸪ࡑࡢ๛ᛶࢆ᫂ࡽ࠿࡟ࡋࡓᚋ࡟㸪
᪂⿦⨨ᢕᥱ㒊ࡢ㧗๛ᛶ໬ࢆ┠ᣦࡋࡓタィ࣭〇స࡟ࡘ࠸࡚♧
ࡋ㸪᪂⿦⨨ᢕᥱ㒊ࡢ㧗๛ᛶ໬࡟ࡘ࠸࡚ሗ࿌ࡍࡿ㸬 


 ᪕┙⏝ࢳࣕࢵࢡࢆ⏝࠸ࡓ㠃ෆ㍈ᘬᙇヨ㦂⿦⨨
 
Fig.1(a)࡟♧ࡍࢫࢡ࣮ࣟࣝࢳࣕࢵࢡࢆ⏝࠸࡚㠃ෆ➼ 2 ㍈ᘬ
ᙇヨ㦂ᶵࡢ㛤Ⓨࢆ⾜ࡗࡓ㸬ࢫࢡ࣮ࣟࣝࢳࣕࢵࢡࡣࣁࣥࢻࣝ
࡛ࢧ࢖ࢻ࡟࠶ࡿࣆࢽ࢜ࣥࢆᅇࡍࡇ࡜࡛ෆ㒊ࡢ ᕳࡁࢿࢪࡀ
1)ᮾி㒔❧⏘ᴗᢏ⾡㧗➼ᑓ㛛Ꮫᰯ ࡶࡢ࡙ࡃࡾᕤᏛ⛉㸪⏕⏘ࢩࢫࢸ࣒ᕤᏛࢥ࣮ࢫ 
ᅇࡾ㸪እ∎ࡀ༙ᚄ᪉ྥ࡟➼ኚ఩ࡍࡿᶵᵓ࡜࡞ࡗ࡚࠸ࡿ㸬ࡇ
ࡢእ∎࡟ኚ࠼࡚ヨ㦂∦ࢆᥗࡴࢳࣕࢵࢡࢆ⏝࠸ࢀࡤ㸪ヨ㦂∦
࡟㠃ෆ 2㍈➼ኚ఩ࢆస⏝ࡉࡏࡿ஦ࡀ࡛ࡁࡿ㸬Fig.1(b) ࡣ࢖ࣥ
ࢹ࢕࣌ࣥࢹࣥࢺࢳࣕࢵࢡࢆ♧ࡍ㸬ࡇࢀࡶ(a)࡜ྠᵝ࡟㸪እ∎
࡟ヨ㦂∦ࢆᥗࡴࢳࣕࢵࢡࢆ⿦╔ࡍࡿ㸬࢖ࣥࢹ࢕࣌ࣥࢹࣥࢺ
ࢳࣕࢵࢡࡣྛࢳࣕࢵࢡࢆ⊂❧࡛ື࠿ࡍࡇ࡜ࡀ࡛ࡁࡿࡓࡵ㸪
ࡑࡢ⛣ື㔞࡟ࡼࡗ࡚ᵝࠎ࡞㈇Ⲵ⤒㊰ࢆᮦᩱ࡟୚࠼ࡿࡇ࡜ࡀ
࡛ࡁࡿ㸬 
 Fig.2 ࡟࢖ࣥࢹ࢕࣌ࣥࢹࣥࢺࢳࣕࢵࢡ࡟ᥗࡳ㒊ࢆ⿦╔ࡋࡓ
ᪧ⿦⨨ࡢᴫせࢆ♧ࡍ㸬ᅗࡢ୰ኸ࡟࠶ࡿࡢࡀ࢖ࣥࢹ࢕࣌ࣥࢹ
ࣥࢺࢳࣕࢵࢡ࡛㸪ࡑࡢୗᕥྑ࡟࣮ࣔࢱ (MUSCLE Cool 
Muscle Servo System by Muscle Co.)ࡀྲྀࡾ௜ࡅࡽࢀ࡚࠸ࡿ㸬
ᅗ୰ኸୖ㒊࡟࠶ࡿࡢࡀヨ㦂∦ࢆྲྀࡾ௜ࡅࡿᢕᥱ㒊࡜࡞ࡿ㸬
ࡇࡢᢕᥱ㒊࡟ࡼࡗ࡚༑Ꮠᆺヨ㦂∦ࡢୖୗᕥྑ➃ࢆᅛᐃࡋ㸪
ࣃ࣮ࢯࢼࣝࢥࣥࣆ࣮ࣗࢱ࡛ไᚚࡉࢀࡓ࣮ࣔࢱ࡛ࢳࣕࢵࢡࡢ
∎ࢆື࠿ࡍ㸬ᪧ⿦⨨ࡢᥗࡳ㒊ࡢᑍἲࢆ Fig.3࡟♧ࡍ㸬ᅗࡢ୰
ኸ࡟࠶ࡿヨ㦂∦ࢆᘬࡗᙇࡿࡓࡵ࡟㸪ෆྥࡁ࡟ F ࡞ࡿⲴ㔜ࡀ
ᥗࡳ㒊࡟ࡣ᥃࠿ࡿ㸬ࡲࡓእ∎࡟࠶ࡿᢕᥱ㒊ྲྀ௜ࡅ㔠ල࠿ࡽ
ヨ㦂∦ࡲ࡛ࡢ㊥㞳ࡀ 120mm ࠶ࡿࡓࡵ࡟㸪ヨ㦂ࢆ⾜࠺࡜
120FNmm ࡢ࣮࣓ࣔࣥࢺࡀᪧ⿦⨨ᥗࡳ㒊࡟స⏝ࡋ࡚࠸ࡿࡇ
࡜ࡀࢃ࠿ࡿ㸬ࡑࡇ࡛㸪ᐇ㦂ࢆ⾜ࡗࡓ㝿࡟ࡇࡢ࣮࣓ࣔࣥࢺ࡟
ࡼࡗ࡚ヨ㦂∦ᢕᥱ㒊ࡀ࡝ࡢ⛬ᗘ㸪⿦⨨ෆഃ࡟ኚ఩ࢆࡋ࡚࠸
ࡿ࠿ࢆ ᐃࡋࡓ㸬ᐇ㦂ࡣ Vice1-3࡛▷෉≧ࡢヨ㦂∦ࢆᥗࡳ㸪
ࢳࣕࢵࢡ∎ࡢኚ఩࡜ᥗࡳ㒊ᚋ➃ࡢኚ఩ᕪࢆࢲ࢖ࣖࣝࢤ࣮ࢪ
࡟࡚ ᐃࡋࡓ㸬ᐇ㦂ࡣ 5ᅇ⾜࠸㸪ࡑࡢᖹᆒ⤖ᯝࢆ Fig.4࡟♧
ࡍ㸬ᅗࡼࡾ 0.28kNࡲ࡛ࡣ⿦⨨ࡢ࢞ࢱࢶ࢟࡟ࡼࡿኚ఩ࡀⓎ⏕
ࡋ࡚࠸ࡿࡀ㸪ࡑࢀ௨㝆ࡣ⥺ᙧ࡟ 37.4m/kN ࡢഴࡁ࡛⿦⨨ෆ
ഃ᪉ྥ࡟ヨ㦂∦ᥗࡳ㒊ࡢ๛ᛶ୙㊊࡟ࡼࡿኚ఩ࡀⓎ⏕ࡋ࡚࠸
ࡿࡇ࡜ࡀࢃ࠿ࡿ㸬ࡍ࡞ࢃࡕ࢖ࣥࢹ࢕࣌ࣥࢹࣥࢺࢳࣕࢵࢡᮏ
యࡣ㧗๛ᛶ࡛࠶ࡿࡀ㸪ᪧ⿦⨨ᥗࡳ㒊ࡢ๛ᛶࡣࡑࢀ࡯࡝㧗ࡃ
ࡣ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ㸬 
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3-1. ᪂⿦⨨ࡢタィ࣭〇స 
๓㏙ࡢࡼ࠺࡟㸪ᪧ⿦⨨ᥗࡳ㒊࡟ప๛ᛶࡢ࡜ࡇࢁࡀぢࡘ࠿ࡗ
ࡓ 2 ㍈ᘬᙇヨ㦂⿦⨨࡟ᑐࡋ࡚㸪ࢳࣕࢵࢡ∎࡜ヨ㦂∦ྲྀࡾ௜
ࡅ఩⨨ࡢ㊥㞳ࢆ࡛ࡁࡿ㝈ࡾ▷ࡃࡍࡿࡼ࠺࡟᪂⿦⨨ࡢタィ࣭
〇సࢆ⾜ࡗࡓ㸬 
ࡍ࡞ࢃࡕ㸪๓㏙ࡢᪧ⿦⨨ᢕᥱ㒊ࡀࡶࡘᛶ⬟ࢆୗᅇࡿࡇ࡜
࡞ࡃ㸪ၥ㢟࡜ࡉࢀ࡚࠸ࡿ㠃ෆ┤ゅ᪉ྥ࡟ᑐࡋ࡚ࡢ࣮࣓ࣔࣥ
ࢺࢆῶᑡࡉࡏࡿࡓࡵ࡟タᐃࡍࡿ㸬ࡲࡓヨ㦂∦ࡢ⬺╔ࡶࡋࡸ
ࡍ࠸ࡼ࠺࡞タィ࡜ࡋࡓ㸬ୖグࡢࣉࣛࣥࢆඖ࡟᪂ࡋࡃࢹࢨ࢖
ࣥࡉࢀࡓ᪂⿦⨨ᥗࡳ㒊ࢆFig.5࡟㸪3D࢖࣓࣮ࢪࢆFig.6࡟♧
ࡍ㸬タィ࡟ࡣᮏᏛ࡟タ⨨ࡋ࡚࠶ࡿ 3D-CAD ࢯࣇࢺࢆ⏝࠸㸪
Fig.3 Size of biaxial tensile testing device 
F 
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0 
Moment 
Chuck pawl 
Independent chuck 
Gear box 
Motor 
Motor 
Load Cell 
Vice 1 Vice 3 
Fig.2 Old Simple biaxial tensile testing apparatus 
Specimen 
Fig.4 Load-displacement curve㻌
Fig.5 Design of new device for testing apparatus㻌
㻌
Chuck pawl 
)LJ View of Lathe chuck
D 6FUROO chuck E ,QGHSHQGHQW chuck
〇స࡟ࡣ FMS࡟タ⨨ࡋ࡚࠶ࡿ࣐ࢩࢽࣥࢢࢭࣥࢱ࣮࡟ࡼࡗ࡚
⾜ࡗࡓ㸬ᐇ㝿࡟〇సࡋࡓᥗࡳ㒊ࢆ Fig.7࡟♧ࡍ㸬 
3-2. ᪂⿦⨨ࡢ๛ᛶࡢ᳨ド 
 ᪧ⿦⨨ࡢ๛ᛶࢆ᳨ドࡋࡓᐇ㦂ࢆ᪂⿦⨨࡛ࡶᐇ᪋ࡋ㸪ᥗࡳ
㒊ࡢ๛ᛶࡀ࡝ࢀࡃࡽ࠸ྥୖࡋࡓ࠿ࢆ᳨ドࡋࡓ㸬Fig.8 ࡣࡑࡢ
᫬ࡢᐇ㦂ࡢᵝᏊࢆ♧ࡍ㸬 
 ኚ఩㔞ࡢ ᐃ࡟ࡣ࣮ࣞࢨ࣮ᘧኚ఩ィ(ᰴᘧ఍♫࣮࢚࢟ࣥ
ࢫ,LK-010)ࢆ⏝࠸ࡓ㸬⤖ᯝࢆ Fig.9࡟♧ࡍ㸬ྠ᫬࡟ᪧ⿦⨨ࡢ
⤖ᯝࡶ♧ࡍ㸬ᅗࡼࡾ⿦⨨ࡢ๛ᛶኚ఩ࡢഴࡁࡣ1.2m/kN࡜࡞
ࡾ㸪ᪧ⿦⨨ࡢ 37.4m/kN࡜ẚ㍑ࡋ࡚㸪31.5ಸࡢ๛ᛶࡢྥୖ
࡟ᡂຌࡋࡓ㸬 

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4-1. ᴃ෇ቃ⏺ࡢ᳨ฟ 
ᐇ㦂࡟࠾࠸࡚ࡦࡎࡳࡢ⟬ฟ࡟ࡣ Fig.10 ࡟♧ࡍ࣮࢜ࣂ࣮ࣛ
ࢵࣉࢧ࣮ࢡࣝࢆヨ㦂∦࡟༳ๅࡋ࡚ࡑࡢኚᙧࢆ㏣࠺㸬99 ⏬
⣲ࡢ࣐ࢫࢡࣃࢱ࣮ࣥࢆ⏝࠸࡚㸪ኚᙧ๓ࡢ෇ࡢ஺Ⅼ ABCD ࢆ
ồࡵࡿ[4]㸬Fig.11(a)࡟♧ࡍ㔜࡞ࡾྜ࠺෇࡜ࡢ஺ⅬAࢆฟⓎⅬ
࡜ࡋ࡚㸪Ⅼ Dࡲ࡛⛣ືࡋ࡞ࡀࡽ y᪉ྥ࡟㉮ᰝࢆࡋ㸪෇ࡢቃ
⏺⥺ࡢ᳨ฟࢆ⾜࠺㸬ྠࡌࡼ࠺࡟D࠿ࡽB㸪A࠿ࡽC㸪C࠿ࡽ
B ࡟ࡘ࠸࡚ࡶ㉮ᰝࢆࡋࡓᚋ㸪᭱ᑠ஧஌ἲ࡟ࡼࡗ࡚㸪ࡑࡢቃ
⏺ࢆᴃ෇㏆ఝࡍࡿ㸬ヨ㦂∦ୖࡢ඲࡚ࡢ෇࡟ࡘ࠸࡚㏆ఝᘧࢆ
ồࡵࡓᚋ㸪ྛ෇࡜ࡢ஺Ⅼࢆᨵࡵ࡚Ⅼ a,b,c,d(Fig11(b))ࡢࡼ࠺
࡟ồࡵࡿ㸬ࡇࡢ㝿㸪஺Ⅼࡣ 4 Ⅼồࡵࡽࢀࡿࡓࡵ㸪ࡑࢀࡽࢆ
ᖹᆒࡋࡓⅬeࢆὀ┠ࡍࡿ≀యⅬ࡜ࡍࡿ㸬ࡇࡢࡼ࠺࡟ࡋ࡚ồࡵ
ࡓ≀యⅬ A,B,C,D ࢆ⏝࠸࡚ࡦࡎࡳࢆồࡵࡿ㸬࡞࠾ࡇࡢ≀య
Ⅼࡣ㸪ࡓ࡜࠼ࡤ඲య࡟ࡋࡁ࠸್ࢆᑠࡉࡃタᐃࡋ࡚㏆ఝࡋࡓ
ሙྜ㸦Fig.11(b) ࡢⅬ⥺㸧࡟࠾࠸࡚ࡶ㸪4Ⅼࡢᖹᆒࢆྲྀࡿࡢ࡛
㍤ᗘࡢኚ໬࡟ࡼࡿᙳ㡪ࢆཷࡅ࡟ࡃ࠸ຠᯝࡀ࠶ࡿ㸬 
Fig.6 3D view of new device㻌
Load cell㻌
Chuck pawl㻌
Specimen㻌
Fig.7 Manufactured new device㻌
Laser displacement sensor㻌
New device㻌
Measurement 
point㻌
Load cell㻌
Fig.8 Experimental setup by new device㻌
(a)   (b)  
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Fig.11 Process to detect the boundary of circles (a) 
and definition of a material point (b)㻌
Fig.10 Overlapped circles㻌
Old device㻌
New device㻌
Fig.9 Load-displacement curve㻌
4-2.ࡦࡎࡳゎᯒ᪉ἲ 
 ᮦᩱ࡟ᶆ㆑࡜ࡋ࡚ࢧ࣮ࢡࣝࢢࣜࢵࢻࢆ⏝࠸ࡿࡀ㸪ࡑࢀ࡟
ࡣ2ࡘࡢ⌮⏤ࡀ࠶ࡿ㸬➨1࡟ᮏ᮶ቑศࡦࡎࡳࡣ࠶ࡿኚᙧẁ
㝵ࡢ༊㛫࡛⥺ᙧ࡛࠶ࡿ࡜つᐃࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸪ᮦᩱࡢ
≀యⅬࡀ⥺ᙧኚ᥮ࡉࢀࡿ⠊ᅖෆ࡛ᣲືࡍࡿ࡜ゝ࠺๓ᥦࢆ㸪
ࢧ࣮ࢡࣝࢆ㐺⏝ࡍࡿࡓࡵࡢุ᩿ᇶ‽࡜ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬
➨ 2 ࡟⏬ീฎ⌮࡜ࡋ࡚࢖࣓࣮ࢪࢭࣥࢧ࣓࡛࢝ࣛᶆ㆑ࢆྲྀࡾ
㎸ࢇࡔᚋ㸪㏣ཬࡍࡿ≀యⅬࢆỴᐃࡍࡿ㝿㸪➨ 1 ࡢ⌮⏤࡟ࡼ
ࡾᴃ෇࡜࠸࠺㏆ఝᗘࡢ㧗࠸᭤⥺ࢆ⏝࠸࡚ ᐃ⢭ᗘࢆୖࡆࡿ
ࡇ࡜ࡀ࡛ࡁࡿࡇ࡜࡛࠶ࡿ㸬 
 ᮦᩱࡢ⢏Ꮚࡀኚᙧ๓ᚋ࡟࠾࠸࡚⥺ᙧኚ᥮ࡀᡂࡾ❧ࡘ࡜ࡁ㸪
ኚᙧ๓࡟┤⥺࡛࠶ࡗࡓࡶࡢࡣኚᙧᚋࡶ┤⥺ࢆಖࡕ㸪ᖹ⾜⥺
ࡣᖹ⾜⥺ࢆಖࡘ㸬ࡋࡓࡀࡗ࡚ኚᙧ๓ࡢᴃ෇ࡣኚᙧᚋ࡟࠾࠸
࡚ࡶᴃ෇࡟ኚ᥮ࡉࢀ㸪ࡑࡢᴃ෇ෆ࡛ࡣᆒ୍࡞ࡦࡎࡳ࡜࡞ࡿ㸬 
ࡋ࠿ࡋࡓ࡜࠼ࡤኚᙧ๓࡟ᴃ෇୺㍈ୖ࡟࠶ࡗࡓ≀యⅬࡣኚᙧ
ᚋ୍⯡ⓗ࡟ࡣ୺㍈ୖ࡟࡞࠸㸬ࡍ࡞ࢃࡕ㸪ࡇࡢ๛యⓗᅇ㌿ゅ
ࡀᚑ᮶ࡢࡦࡎࡳࡢ⟬ฟἲ࡛ࡣ↓どࡉࢀ࡚࠸ࡓ㸬⥺ᙧኚ᥮ࡀ
ᡂࡾ❧ࡘ࡜ࡁ㸪Fig.12 ࡟࠾࠸࡚ᴃ෇ෆࡢ௵ពࡢ┤⥺ AB ࡜
CD ࡣኚᙧᚋ A’,B’,C’,D’࡟⛣ࡋ࡚⪃࠼ࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡇࡇ
࡛ᐇ㝿ࡢ ᐃ࡟࠾࠸࡚ࡣྛⅬ A࡜ B㸪C࡜ Dࡣࢧ࣮ࢡࣝୖ
ࡢὀ┠ࡍࡿ≀యⅬ࡜ࡍࡿ㸬ࡇࡢ࡜ࡁྛኚᙧẁ㝵ࡢ㛫࡟࠾ࡅ
ࡿࡦࡎࡳቑศࡣḟࡢࡼ࠺࡟࡞ࡿ㸬 
xAB = xB - xA    ,    yAB = yB - yA 
 xCD = xD - xC   ,   yCD = yD - yC 
ኚᙧᚋࡢྛⅬA’,B’,C’,D’࡟ࡘ࠸࡚ࡶྠᵝ࡟࡜ࡿ࡜㸪ᅗࡼࡾ 
๛యⓗᅇ㌿ゅࡣ 
ᶆⅬ㛫㊥㞳 rAB,rCDࡀኚᙧ࡟ࡼࡾኚ໬ࡍࡿࡢ  ࡛
 xA’B’ = rA’B’ cos(’-) ,     xC’D’ = rC’D’ sin(	’+) 
 yA’B’ = rA’B’ sin(’-),      yC’D’ = rC’D’ cos(	’+)  
ࡦࡎࡳᡂศ࡟ࡘ࠸࡚ࡣ 
ࡇࡇ࡛㸪ᐇ ࡍࡿ㝿ࡢ ᐃ್ࡣ㧗ࠎ3᱆ࡲ࡛ࡢࡓࡵ㸪ࡦࡎࡳ
ቑศ㛫㝸ࡣ኱ࡁࡃ࡞ࡿ㸬ࡑࡇ࡛ᘧ (2)ࡢゅᗘ࡜ᘧ (6)ࡢ
Almansiࡢࡦࡎࡳࢸࣥࢯࣝࢆ⏝࠸࡚ࡦࡎࡳࢆồࡵࡿ㸬 

 ᪂⿦⨨࡛ࡢ᳨ドᐇ㦂 
 
 Fig.13 ࡟࢖ࣥࢹ࢕࣌ࣥࢹࣥࢺࢳࣕࢵࢡ࡟ྲྀ௜ࡅࡽࢀࡓ᪂
ࡋ࠸ 2㍈ᘬᙇヨ㦂⿦⨨ࢆ♧ࡍ㸬ᮦᩱࡣ࢔࣑ࣝࢽ࣒࢘ A1050-
Oᮦࢆ⏝࠸࡚㸪㏻ᖖࡢᘬᙇ㏿ᗘࢆ 5mm/min࡜ࡋᐇ㦂ࢆ⾜ࡗ
ࡓ㸬ࢫࢡࣛ࢖ࣈࢻࢧ࣮ࢡࣝࡢኚᙧ๓ࡢ┤ᚄࡣ 4mmࡢࡶࡢࢆ
⏝࠸ࡓ㸬 
 Fig.14࡟༢㍈࠾ࡼࡧ2㍈ᘬᙇヨ㦂࡟⏝࠸ࡓヨ㦂∦ᙧ≧ࢆ♧
ࡍ㸬༢㍈ヨ㦂ࡣ Vice1࡜ 3ࢆ౑ࡗ࡚ Fig.14(a)ࡢヨ㦂∦ࢆᥗ
ࡳ㸪◚᩿ࡍࡿࡲ࡛ᘬࡗᙇࡿ㸬ࡲࡓ Fig.14(b)ࡢ༑Ꮠᆺヨ㦂∦
ࡣᅽᘏ᪉ྥࢆ㹗㍈࡜ᐃࡵ࡚㸪㠃ෆ 2 ㍈ᘬᙇヨ㦂ࢆ⾜ࡗࡓ㸬
ࡦࡎࡳࡣ๓㏙ࡢ᪉ἲ࡟ࡼࡗ࡚ồࡵ㸪ࡑࡢ᭱኱ࡦࡎࡳ㸪᭱ᑠ
ࡦࡎࡳࢆồࡵࡿ㸬ྛ㍈ࡦࡎࡳẚࡣx :y = 1:1, 2:1, 3:1, 3:2࡜ࡋ
࡚ᡂᙧ㝈⏺⥺ᅗࢆసᡂࡋࡓ㸬Fig.15ࡣ➼2㍈ᘬᙇヨ㦂ࡢ㝿ࡢ
◚᩿๓ᚋࡢヨ㦂∦ࢆ♧ࡍ㸬ᅗࡢ෇࡛ᅖࢇ࡛࠸ࡿ㒊ศ࠿ࡽ◚
᩿ࡀ㉳ࡁ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ㸬 
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Fig.12 Angle of line segment between material 
points㻌
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Fig.13 New simple biaxial tensile testing 
apparatus set on the independent chuck㻌
Load cell 
Camera 
Gear box 
New device 
Specimen 
  Fig.16ࡣ➼ 2㍈ᘬᙇヨ㦂࡟࠾ࡅࡿⲴ㔜࡜ࡦࡎࡳࡢ᫬㛫⤒
㐣⥺ᅗࢆ♧ࡍ㸬ᅗࡼࡾⲴ㔜 1,2ࡀ࡯ࡰ➼ࡋࡃᮦᩱ࡟᥃࠿ࡗ࡚
࠸ࡿ஦࡛➼ 2 ㍈㈇Ⲵࡀᐇ⌧࡛ࡁ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ㸬ࡲࡓ
Ⲵ㔜ࡀᛴ⃭࡟ⴠࡕࡿᆅⅬ࡟࠾ࡅࡿࡦࡎࡳࢆ◚᩿ࡦࡎࡳ࡜ࡋ
࡚㸪ࡑࡢ๓ᚋࡢ⏬ീ࠿ࡽࢫࢡࣛ࢖ࣈࢻࢧ࣮ࢡࣝἲ࡟ࡼࡗ࡚
ࡦࡎࡳࢆ⟬ฟࡋࡓ㸬ࡇࢀࡽࡢ⤖ᯝࢆࡲ࡜ࡵ࡚ᡂᙧ㝈⏺⥺ᅗ
ࢆసᡂࡋࡓࡶࡢࢆ Fig.17 ࡟♧ࡍ㸬୍⯡ࡢ⣧࢔࣑ࣝヨ㦂∦ࡼ
ࡾࡶ༢㍈ヨ㦂ࢆ㝖ࡃ◚᩿ࡦࡎࡳࡀᑠࡉࡃ࡞ࡗ࡚ࡣ࠸ࡿࡀ㸪
ᴫࡡᩥ⊩[5]㏻ࡾࡢ್࡟࡞ࡗ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬ࡦࡎࡳ್ࢆ
㐣ᑠホ౯ࡋ࡚ࡋࡲࡗࡓཎᅉ࡜ࡋ࡚ࡣ㸪ࢫࢡࣛ࢖ࣈࢻࢧ࣮ࢡ
ࣝἲࡢࢧ࣮ࢡࣝ┤ᚄࡀᙳ㡪ࡋ࡚࠸ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬ࡋ
࠿ࡋ࡞ࡀࡽᮏ⿦⨨࡟ࡼࡗ࡚ᡂᙧ㝈⏺⥺ᅗࢆ⡆౽࡟ᚓࡽࢀࡿ
ࡇ࡜ࡣ☜ㄆ࡛ࡁࡓ㸬ࡲࡓ Fig.18 ࡣ༢㍈ヨ㦂ࡢ⤖ᯝࢆ♧ࡍࡀ㸪
ᥗࡳ㒊ࡢ๛ᛶࢆྥୖࡉࡏࡓࡇ࡜࡟ࡼࡾ㸪⧞㏉ࡋᐇ㦂࡟࠾ࡅ
ࡿ ᐃࡢಙ㢗ᛶࡀྥୖࡋࡓ㸬 


 ⤖ゝ 
 
 ᮏ⿦⨨ࡢᥗࡳ㒊࡟ࡘ࠸࡚タィኚ᭦ࢆ⾜࠺ࡇ࡜࡟ࡼࡗ࡚㸪
⿦⨨ᥗࡳ㒊ࡢ๛ᛶࢆᪧ⿦⨨ࡢഴࡁ37.4m/kN࠿ࡽ1.2m/kN
࡜ 31.5 ಸ㏆ࡃྥୖࡉࡏࡿࡇ࡜࡟ᡂຌࡋࡓ㸬ࡑࢀ࡟ࡼࡗ࡚ࡼ
ࡾ⢭ᗘࡢ㧗࠸༢㍈࠾ࡼࡧ㠃ෆ2㍈ᘬᙇヨ㦂ࡀྍ⬟࡜࡞ࡗࡓ㸬 
᪂⿦⨨࡟࠾࠸࡚ࡶᮦᩱࡢ 2 ㍈ᘬᙇヨ㦂ࢆ⾜࠸㸪ᡂᙧ㝈⏺
᭤⥺ࢆᚓࡽࢀࡿࡇ࡜ࢆ♧ࡋࡓ㸬௒ᚋ㸪ᮦᩱࡢ㝆అ᭤㠃ࡢྠ
ᐃࡲ࡛ࡶࡀ࡛ࡁࡿࡼ࠺࡟㸪⿦⨨ࢆࡼࡾ㧗⢭ᗘ࡟ᨵⰋࡋ࡚࠸
ࡃணᐃ࡛࠶ࡿ㸬 
Before fracture 
Fig.15 Before and after fracture of specimen 
After fracture 
Strain ratio 1:1 
Strain ratio 1:1 
Fig.17 Forming limit diagram㻌
Fig.18 Stress-strain curve of a uniaxial 
tensile test㻌
Fig.14 Geometry of (a) uniaxial and 
(b) biaxial tensile specimen 
 (a)   (b) 
Fig.16 Relationship between strain and loads㻌
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